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MODULAR SUBSTRATE GAS PANEL HAVING MANIFOLD C ONNECTIONS IN A 

COMMON PLANE 

This application claims priority to U.S. Provisional Application Serial No. 60/406,132, 
filed August 27, 2002, entitled MODULAR SUBSTRATE GAS PANEL HAVING 
MANIFOLD CONNECTIONS IN A COMMON PLANE, which is herein incorporated by 
reference in its entirety. 

Background Of The Invention 

1 . Field of the Invention 

The present invention is directed fluid distribution systems, and more particularly to a 
fluid distribution system in which connections between components and fluid flow paths are 
formed in a common plane. 

2. Description of the Related Art 

Fluid distribution systems are used in a variety of applications, including the 
manufacture of semiconductor devices, the manufacture of pharmaceutical compounds, etc. In 
many of these applications, the size of the fluid distribution system can dramatically affect 
costs. For example, in the manufacture of semiconductor devices, it is typical for the fluid 
distribution system or certain portions thereof to be housed in an ultra clean environment, such 
as a clean room. Further, because many of the fluids used in the manufacture of 
semiconductors are toxic, highly reactive, or both, such fluid distribution systems frequently 
require specialized containment and venting equipment. For such systems, any decrease in the 
size of the fluid distribution system is advantageous. 

Summary Of The Invention 

According to one embodiment of the present invention, a system for enabling a 
distribution of fluids is provided. The system comprises a substrate having a substrate body 
that includes a first substrate port and a second substrate port formed in a first surface and a 
first fluid passageway that extends in a first direction and fluidly connects the first substrate 
port to the second substrate port, and a manifold. The manifold has a manifold body that 
includes a first manifold port formed in a first surface, a second manifold port formed in a 
second surface that is transverse to the first surface, and a fluid passageway that fluidly 
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connects the first manifold port to the second manifold port. The substrate further includes a 
channel formed in the first surface of the substrate body that extends in a second direction, the 
channel being adapted to position the manifold so that the first surface of the substrate body 
and the first surface of the manifold body are aligned in a common plane. 

5 According to another embodiment of the present invention, a substrate is provided that 

comprises a substrate body, a first port and a second port formed in a first surface of the 
substrate body, a first fluid passageway formed in the substrate body and extending in a first 
direction that fluidly connects the first port to the second port, and a channel. The channel is 
formed in the first surface of the substrate body and extends in a second direction that is 

10 different than the first direction. The channel is adapted to position a manifold having a 

manifold body that includes a first port formed in a first surface of the manifold body, a second 
port formed in a second surface of the manifold body, and a fluid passageway that fluidly 
connects to the first port of the manifold to the second port of the manifold so that the first 
surface of the substrate body and the first surface of the manifold body are aligned in a 

15 common plane. 

According to a further embodiment of the present invention as gas panel is provided 
that comprises a first gas stick, a second gas stick and a first manifold. The first gas stick has a 
first flow path that includes a first plurality of ports formed in a common plane, and the second 
gas stick has a second flow path that includes a second plurality of ports formed in the 
20 common plane. The first manifold has first and second ports formed in the common plane, the 
first port being fluidly connected to one port of the first plurality of ports of the first gas stick, 
and the second port being fluidly connected to one port of the second plurality of ports of the 
second gas stick. 

According to another embodiment of the present invention, a manifold is provided. 

25 The manifold is adapted to be received in a substrate having a substrate body that includes first 
and second substrate ports formed in a first surface of the substrate body, a first substrate fluid 
passageway extending in a first direction that fluidly connects the first and second substrate 
ports, and a channel formed in the first surface of the substrate body that extends in a second 
direction. The manifold comprises a manifold body, at least one first manifold port formed in 

30 a first surface of the manifold body, a second manifold port formed in a second surface of the 
manifold body that is transverse to the first surface of the manifold body, and a manifold fluid 
passageway formed in the manifold body and extending in the second direction that fluidly 
connects the at least one first manifold port to the second manifold port. The manifold body is 
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dimensioned to be positioned within the channel so that the first surface of the substrate body 
and the first surface of the manifold body are aligned in a common plane. 

According to another aspect of the present invention, a mounting assembly is provided. 
According to one embodiment, the mounting assembly comprises first and second members 
5 and a first fastener. The first member has a body including a first surface facing a first 
direction and a second surface facing a second direction opposite to the first direction on 
opposing surfaces of the body of the first member. The second surface has an outer portion 
that includes a groove disposed adjacent a perimeter of the outer portion and a central portion 
that extends from the outer portion in the second direction. The second member has a body 

10 including a first surface facing the first direction and a second surface facing the second 

direction opposite to the first direction on opposing surfaces of the body of the second member. 
The second surface has a central portion and an outer portion that extends from the central 
portion and includes a groove disposed adjacent a perimeter of the outer portion. The body of 
the second member further includes a through hole that extends through the body from the first 

15 surface though the central portion of the second surface. The first fastener has a threaded 
shank that is dimensioned to be received within the through hole in the body of the second 
member and engage the central portion of the second surface of the body first member. 

According to another embodiment, a mounting assembly for mounting a fluid 
distribution substrate to a plate having a first surface and a second surface parallel to the first 

20 surface is provided. The mounting assembly comprises first and second mounting members 
and first and second fasteners. The first mounting member is disposed adjacent the first 
surface of the plate and has an internally threaded through hole. The first fastener has an 
externally threaded shank to engage the internally threaded through hole in the first mounting 
member and rigidly attach the substrate to the first mounting member. The second mounting 

25 member is disposed adjacent the second surface of the plate and also has a through hole. The 
second fastener has an externally threaded shank to engage the internally threaded through hole 
in the first mounting member and rigidly attach the second mounting member to the first 
mounting member. The mounting assembly further comprises means for thermally and 
vibrationally isolating the substrate from the plate. 

30 According to another aspect of the present invention, a method of attaching a substrate 

to a mounting plate having a hole that extends through the mounting plate from a first surface 
of the mounting plate to a second surface of the mounting plate is provided. The method 
comprises acts of positioning an upper mount subassembly on the first surface adjacent the 



hole and passing a central portion of the upper subassembly through the hole, positioning a 
lower mount subassembly on the second surface adjacent the hole so that the central portion of 
the upper mount subassembly is disposed within a central portion of the lower mount 
subassembly, fastening the lower mount subassembly to the upper mount subassembly, and 
fastening the substrate to the upper mount subassembly. 

Brief Description Of The Drawings 

The accompanying drawings are not intended to be drawn to scale. In the drawings, 
each identical or nearly identical component that is illustrated in various figures is represented 
by a -like numeral. For purposes of clarity, not every component may be labeled in every 
drawing. In the drawings: 

Fig. 1 is a plan view of a fluid distribution panel according to one embodiment of the 
present invention; 

Fig. 2 is a side view of the fluid distribution panel of Fig. 1 ; 

Fig. 3 is a cross-sectional view of a portion of the fluid distribution panel taken along 
line 3-3 in Fig. 2; 

Fig. 4 is a side view of the fluid distribution panel of Fig. 1 rotated by 90° 
counterclockwise; 

Fig. 5 is a perspective view of the fluid distribution panel of Fig. 1 rotated clockwise by 
approximately 45°; 

Fig. 6 is a perspective view of the fluid distribution panel of Fig. 1 rotated clockwise by 
approximately 135°; 

Fig. 7 is an expanded perspective view of a portion of the fluid distribution panel 
identified in Fig. 5; 

Fig. 8 is an expanded perspective view of a portion of the fluid distribution panel 
identified in Fig. 6; 

Fig. 9 is a perspective view of a number of different manifolds and substrates that may 
be used to form the fluid distribution panel of Fig. 1 ; 

Fig. 10 is an expanded perspective view of a two component position substrate in 
accordance with one aspect of the present invention; 

Fig. 1 1 is a cross-sectional view of the two component position substrate of Fig. 10; 

Fig. 12 is an expanded perspective view of a one component position substrate in 
accordance with another aspect of the present invention; 
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Fig. 13 is a cross-sectional view of the one component substrate shown in Fig. 12; 

Fig. 14 is a plan view of a fluid distribution panel according to another embodiment of 
the present invention; 

Fig. 15 is a side view of the fluid distribution panel of Fig. 14; 
5 Fig. 16 is a side view of the fluid distribution panel of Fig. 14 rotated by 90° 

counterclockwise; 

Fig. 17 is a perspective view of the fluid distribution panel of Fig. 14 rotated counter 
clockwise by approximately 135°; 

Fig. 1 8 is an expanded perspective view of a portion of the fluid distribution panel 
10 identified in Fig. 17; 

Fig. 19 is a perspective view of the fluid distribution panel of Fig. 14 rotated counter 
clockwise by approximately 45°; 

Fig. 20 is an expanded perspective view of a portion of the fluid distribution panel 
identified in Fig. 19; 

15 Fig. 21 is an expanded perspective view of a number of different manifolds that may be 

used to form the fluid distribution panel of Fig. 14; 

Fig. 22 is an expanded perspective view of a number of additional manifolds and a one 
component position substrate that may be used to form the fluid distribution panel of Fig. 14; 
Fig. 23 is an expanded perspective view of a variety of substrates in accordance with 
20 one aspect of the present invention; 

Fig. 24 is an expanded perspective view of a variety of multiple component substrates 
and substrate inserts that may be used to form the fluid the fluid distribution panel of Fig. 14; 

Fig. 25 is a cross-sectional side view of a portion of the fluid distribution panel of Fig. 
14 taken along line 25-25 in Fig. 15; 
25 Fig. 26 is an expanded view of a floating mount assembly that may be used to mount 

various components of a fluid distribution panel to a mounting plate according to another 
aspect of the present invention; 

Fig. 27 is a view of the floating mount assembly of Fig. 26 from a variety of different 
perspectives; and 

30 Fig. 28 is a plan view of a hole in a mounting plate that may be used to receive the 

floating mount assembly of Fig. 26. 
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Detailed Description 

This invention is not limited in its application to the details of construction and the 
arrangement of components set forth in the following description or illustrated in the drawings. 
The invention is capable of other embodiments and of being practiced or of being carried out in 
5 various ways. Also, the phraseology and terminology used herein is for the purpose of 

description and should not be regarded as limiting. The use of "including," "comprising," or 
"having," "containing," "involving," and variations thereof herein, is meant to encompass the 
items listed thereafter and equivalents thereof as well as additional items. 

Fig. 1 illustrates a plan view of a fluid distribution panel according to one embodiment 

10 of the present invention. The fluid distribution panel illustrated in Fig. 1 may be used to 

selectively provide one or a plurality of different process fluids to a common manifold. For 
example, the fluid distribution panel may be used to selectively provide one or a plurality of 
different process fluids to a common manifold, which may itself be fluidly coupled to other 
portions of a fluid system, or to a fluid processing tool. 

15 Although the present invention is described herein primarily with respect to the 

distribution of gaseous fluids for semiconductor processing applications, it should be 
appreciated that the present invention is not so limited, and may also be used with other 
process fluids, such as liquids or slurries, or with a combination of gasses, liquids, or slurries. 
Moreover, the present invention is not limited to semiconductor processing applications, as it 

20 may also be used in chemical applications, pharmaceutical applications, etc. Accordingly, 

although the present invention is described hereafter with reference to a system that provides a 
distribution of process gases for use in semiconductor processing applications, it should be 
appreciated that the present invention is not so limited. 

In broad overview, the fluid distribution panel 100 illustrated in Fig. 1 includes a 

25 plurality of gas sticks A-L each adapted to receive a process gas from a process gas supply (not 
shown) and to provide either the process gas or another gas, such as a purge gas, to another 
portion of the gas system or to a process tool. Each of the gas sticks A-L provides a flow path 
that extends in a first direction (from bottom to top in Fig. 1 ) and includes a plurality of ports 
that are formed in a common plane. Various fluid processing devices, such as valves, purifiers, 

30 filters, pressure transducers, pressure regulators, moisture scrubbers, mass flow controllers, etc. 
(not shown) are sealingly fastened to adjacent ports in each respective gas stick and pass the 
process gas or the other gas along the flow path. A first common manifold 110 that includes a 
plurality of ports is positioned in the flow path of each of the gas sticks to permit either the 
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process gas or another gas, such as a purge gas to be provided by each of the gas sticks to a 
second common manifold 120. The second common manifold also includes a plurality of 
ports, and is positioned at the end of the flow path of each of the gas sticks to provide one or 
more of the process gases or the other gas to a process tool or to a further portion of the gas 
5 system. Because the ports in each of the common manifolds are aligned within the common 
plane of the ports in the flow path, a gas panel having a reduced height may be obtained. This 
is advantageous as space is at a premium in clean-room environments where such gas panels 
are frequently used. Further, the number of seals necessary to fluidly couple each of the flow 
paths to the common manifolds is reduced from that of a gas panel in which the substrates and 

10 the manifolds are spaced at different heights. Additionally, where a substrate is used to fluidly 
couple two ports of one or more substrates to a port of a manifold, the number of fasteners that 
is necessary to achieve a leak-tight seal can be reduced to four fasteners, as opposed to six or 
more fasteners in a conventional design. These and other aspects of the present invention are 
now described in detailed with respect to the accompanying drawings. 

15 As shown in Fig. 1, the gas panel 100 includes a plurality of gas sticks A-L, each of 

which are mounted to a common base 1 0. Although no specific mounting configuration is 
illustrated in the drawings, the gas sticks may be mounted to the common base 10 by any of a 
number of well known methods from above the base, or from below the base. Each of the gas 
sticks A-L includes a one component position substrate 60 and a two component position 

20 substrate 70 that are fastened to the common base 1 0, typically with the use of a threaded 

fastener, such as an Allen bolt. Each of the substrates 60, 70 is typically formed from a block 
of stainless steel such as 316 stainless steel, hastalloy, or other materials suitable for use with 
the intended fluids. Each of the substrates 60, 70 has a channel 69, 79 (seen most clearly in 
Figs. 9, 10, 11, 12, and 13) that is formed therein to receive a portion of a manifold 20, 25, 30, 

25 35, and 40 (seen most clearly in Fig. 9). Each of the manifold portions 20, 25, 30, 35, and 40 is 
also typically formed from an elongated block of stainless steel or other suitable material, and 
connected together to form a common manifold 110, 120. For example, where the manifold 
portions 20, 25, 30, 35, and 40 are formed from stainless steel, the manifold portions may be 
butt welded together in a conventional manner to form the common manifolds 110, 120. In the 

30 embodiment illustrated in Fig. 1, the two component substrate 70 of each of the gas sticks A-L 
receives a manifold portion (e.g., manifold portion 35 in gas stick A) that is used to selectively 
provide a purge gas (provided via conduit 85) to the flow path of the respective gas stick. Each 
of the one component substrates 60 also receives a manifold portion (e.g., manifold portion 20 
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in gas stick A) that is used to provide a common outlet that is common to each of the gas sticks 
A-L and which may be connected to a process tool or to another portion 90 of the gas 
processing system, as shown in Fig. 1 . In the illustrated embodiment, the portion 90 of the gas 
processing system is formed by a plurality of interconnecting male and female substrates that 
5 are described in U.S. Patent No. 6,394,138 Bl , which is herein incorporated by reference in its 
entirety. 

In use, each gas stick A-L is connected to a process gas supply by a flange 50 that is 
fastened to the base 10 by a pair of fasteners (not shown). A complementary flange (not 
shown) is typically connected to the flange 50 and to a conduit that provides the process gas 

10 from the process gas supply. As seen most clearly in Fig. 8, the flange 50 includes a top port 
51 for connection to the process gas supply (via the complementary flange) and a side port 52 
that is connected to the top port 51 of the flange 50 and to an inlet port 71 of the substrate 70. 
The process gas flows through an internal fluid passageway (see Fig. 1 1 , for example) in the 
substrate 70 to an outlet port 72 formed in the top surface of the substrate 70 (Figs. 10, 1 1). A 

15 two-port valve or other fluid processing component (not shown) is positioned above the outlet 
port 72 and an inlet port 73 that is also formed in the top surface of the substrate 70, and forms 
a seal with the substrate 70. A metallic gasket or other type of sealing member (not shown) is 
typically used to provide a leak tight seal around the ports 72, 73 as well as the other ports in 
the top surface of the substrate 70. For example, in the embodiment depicted in Fig. 1, each of 

20 the ports formed in the top surface of the substrate (as well as the ports formed in the manifold 
portions) includes a counter-bore (not numbered, but shown in Figs. 9, 10, 11, 12, and 13) that 
is adapted to receive a annular C-shaped seal. Alternatively, other types of annular seals, such 
as those described in U.S. Patent No. 5,803,507, and U.S. Patent No. 6,142,539, which are 
herein incorporated by reference in their entirety, may be used with appropriately configured 

25 ports in the substrate and the manifold portions. In the described embodiment, the two-port 
valve selectively allows the process gas to flow further along the gas stick. 

From inlet port 73, the process gas then flows through a V-shaped channel formed in 
the body of the substrate 70 (shown in Fig. 1 1) to an outlet port 74 that is also formed in the 
top surface of the substrate 70. The substrate 70 includes a channel 79 that is used to receive a 

30 portion of the common manifold 110. In the illustrated embodiment of Fig. 1, for example, the 
substrate 70 of gas stick A receives a two position manifold portion 35 having two ports 37, 39 
(Fig. 9) formed in a top surface of the manifold portion 35 and another port 36 formed in a 
surface of the manifold portion 35 that is transverse to the top surface. The port 36 formed in 
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the transverse surface of the manifold portion 35 is fluidly connected to another manifold 
portion (e.g., manifold portion 40 in Figs. 1 and 9), which together form a portion of the 
common manifold 1 1 0. The channel 79 in the substrate 70 is adapted to position the manifold 
portion 35 so that one of the ports 37, 39 formed in the top surface of the manifold portion 35 
5 is aligned in the common plane of the top surface of the substrate 70 with the outlet port 74 and 
also with an inlet port 76 on the other side of the channel 79 of the substrate 70. As described 
in further detail below, the channel and the manifold portions may each include means for 
aligning the ports 74, 76 that are formed in the top surface of the substrate 70 with one of the 
ports (e.g., 37, 39) in the top surface of the manifold portion 35. 

10 In the illustrated embodiment, a three-port valve (not illustrated) is positioned above 

ports 74 and 76 in the substrate 70 and one of the ports 37, 39 in the top surface of the 
manifold portion 35 and fastened to the substrate 70 by a plurality of fasteners (not shown). 
The plurality of fasteners are received in bores in the top surface of the substrate 70, that 
includes at least one bore, and preferably two bores, on each side of the channel 79 in the 

15 substrate 70. Advantageously, only four fasteners (two on each side of the channel 79) are 
needed to form a leak-tight seal with the valve, whereas in conventional designs, traditionally 
two fasteners are required for each port, for a total of six fasteners required to achieve a leak- 
tight seal with three ports. The fasteners received on each side of the channel 79, together with 
a gasket (not shown) or other sealing member form a leak free seal among the ports 74, 76 in 

20 the substrate and the port 37 or 39 in the top surface of the manifold portion 35. The three-port 
valve permits one of either the process gas or another gas, such as a purge gas, that is 
conducted by the common manifold 1 10 to be provided by a V-shaped channel connecting the 
inlet port 76 in the substrate 70 to an outlet port 78 of the substrate 70 (see Fig. 11). In the 
illustrated embodiment, the inlet port of a mass flow controller (not shown) is fluidly 

25 connected to the outlet port 78 in the substrate 70 and provides, by way of an outlet port of the 
mass flow controller, either the process gas or the other gas to an inlet port 61 of the one 
component position substrate 60. The mass flow controller bridges the substrate 70 and the 
substrate 60. 

As best illustrated in Figs. 12 and 13, the one component position substrate 60 includes 
30 an inlet port 61 and an outlet port 62 formed in the top surface of the substrate 60 that are 

connected by a V-shaped passageway. At least one bore, and preferably two bores, are formed 
in the top surface of the substrate 60 to sealingly fasten the outlet port of the mass flow 
controller to the inlet port 61 of the substrate 60. 
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The substrate 60 also includes a channel 69 that is used to receive a portion of the 
common manifold 120. In the illustrated embodiment of Fig. 1, for example, the substrate 60 
of gas stick A receives a one position manifold portion 20 having a port 22 (Fig. 9) formed in a 
top surface of the manifold portion 20 and a pair of ports 21 , 23 formed in opposing surfaces of 
5 the manifold portion 20 that are transverse to the top surface. One of the ports 21, 23 formed 
in the transverse surfaces of the manifold portion 20 is fluidly connected to another manifold 
portion (e.g., manifold portion 40 in Fig. 1) that is fluidly connected, by way of other manifold 
portions, to the outlet ports 62 of the other gas sticks B-L, and the other of the ports 21, 23 is 
fluidly connected to a conduit 80 that is fluidly connected to either a process tool, or another 

10 portion 90 of the gas system. 

The channel 69 in the substrate 60 is adapted to position the manifold portion 20 so that 
the port 22 formed in the top surface is aligned in the common plane of the top surface of the 
substrate 60 with the outlet port 62 of the substrate 60. As described in further detail below, 
the channel 69 and the manifold portion 20 may each include means for aligning the outlet port 

15 62 that is formed in the top surface of the substrate 60 with the port 22 formed in the top 
surface of the manifold portion 20. 

In the illustrated embodiment, a two-port valve (not illustrated) is positioned above port 
62 in the substrate 60 and the port 22 in the top surface of the manifold portion 20 and fastened 
to the substrate 60 by a plurality of fasteners (not shown). The plurality of fasteners are 

20 received in bores in the top surface of the substrate 60, that includes at least one bore, and 

preferably two bores, on each side of the channel 69 in the substrate 60. The fasteners received 
on each side of the channel 69, together with a gasket (not shown) or other sealing member 
form a leak free seal among the port 62 in the substrate 60 and the port 22 in the top surface of 
the manifold portion 20. The two-port valve permits one of either the process gas or another 

25 gas, such as a purge gas, to be provided to the common manifold 120, and from the common 
manifold to another portion 90 of the system. 

Fig. 9 illustrates a number of manifold portions 20, 25, 30, 35, and 40 that may be used 
to form a gas panel according to an embodiment of the present invention. The manifold 
portions 20, 25, 30, 35, and 40 are similar in that each includes a manifold body that is formed 

30 from an elongated block and each includes at least one port formed in a top surface of the 

manifold body and at least one port formed in a surface of the manifold body that is transverse 
to the top surface of the manifold body. Further, each of the manifold portions includes means 
for aligning the port or ports formed in the top surface of the manifold body with one or more 



- 11 - 

ports formed in the top surface of the substrates 60, 70. In the illustrated embodiment, each of 
the manifold portions includes a pair of grooves formed in a transverse surface of the manifold 
body that are spaced apart on the transverse surface on either side of the port and used to align 
the port on the top surface of the manifold body with the port or ports in the substrate. It 
5 should be appreciated that only a single groove can alternatively be used, as well as other 
alignment means, such as those illustrated in published U.S. application number 
US2002/0000256A1, which is herein incorporated by reference in its entirety, as known to 
those skilled in the art. 

As shown in Fig. 9, manifold portion 20 includes a single port 22 formed in the top 

10 surface of the manifold body and a pair of ports 21, 23 formed in opposing surfaces of the 
manifold body that are transverse to the top surface of the manifold body. An internal fluid 
passageway formed along the longitudinal axis of the manifold body connects the top surface 
port 22 with each of the ports 21, 23 formed in the transverse surfaces. 

Manifold portion 25 is similar to manifold portion 20 however, manifold portion 25 

15 includes only a single port 26 formed in the transverse surface of the manifold body. Manifold 
portion 25 is typically used to terminate the common fluid manifold 110, 120 formed by the 
interconnection of adjacent manifold portions. 

Manifold portion 30 is similar to manifold portion 20 in that it includes a pair of ports 
3 1, 33 formed in opposing transverse surfaces of the manifold body. However, manifold 

20 portion 30 includes two ports 32, 34 formed in a top surface of the manifold body. Each of the 
ports 31, 32, 33, and 34 communicates with an internal fluid passageway formed in the 
manifold body along the longitudinal axis of the manifold body. Each of the ports 32, 34 
formed in the top surface of the manifold are surrounded by a plurality of alignment grooves 
formed in each side of the manifold body. The manifold portion 30 may be used to fluidly 

25 connect a portion of the flow paths of a first gas stick and a second gas stick to another 
manifold portion, and thus the common manifold 110, 120. 

Another manifold portion 35 includes a pair of ports 37, 39 formed in a top surface of 
the manifold body and a single port 36 formed in a transverse surface of the manifold body. 
The manifold portion 35 is similar to manifold 25 in that it may be used to terminate the 

30 common manifold 110, 120. However, the manifold portion 35 is used to connect a portion of 
the fluid flow paths of two gas sticks to a common manifold 110, 120, such as, for example, 
illustrated in Fig. 1 . 
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The manifold portions also include a three-position manifold portion 40 that includes 
three ports 41 , 42, 43 formed in a top surface of the manifold body and a pair of ports 47, 49 
formed in opposing surfaces of the manifold body that are transverse to the top surface. Each 
of the side surfaces of the manifold portion 40 includes a plurality of pairs of grooves formed 
5 on each side surface of the manifold body and positioned adjacent to each of the ports 41, 42, 
and 43 that may be used to align the ports of the manifold portion 40 with the ports of a 
respective substrate. 

It should be appreciated that although a number of different manifold portions 20, 25, 
30, 25, and 40 have been described herein, the present invention is not limited to the illustrated 

10 embodiments. For example, manifold portions having four or more ports formed on a top 

surface of the manifold body may be used, with only a single port in a transverse surface of the 
manifold body, or with two ports formed in opposing transverse surfaces of the manifold body. 
It should further be appreciated that although the ports formed in the top surface of the 
manifold portions are illustrated as including a counter-bore that is adapted to receive an 

15 annular C-type seal, different port configurations may alternatively be used, such that standard 
fluid processing components may be used therewith. Moreover, it is not required that all ports 
formed in the top surface of the manifold have the same type of seal configuration, as one type 
of seal may be used in one port, while another type of seal may be used in another port. 

As shown in Figs. 9, 10, 11, 12, and 13, alignment grooves may also be formed in a 

20 side surface of each of the channels in the substrates 60 and 70 that may be used to align a 
manifold portion within the channel 69, 79 of the substrate. In use, a manifold portion is 
inserted into the channel 69, 79 so that the alignment grooves in the channel 60, 70 and in the 
manifold portion are approximately aligned, and then an alignment pin 67, 77 is inserted into 
each pair of alignment grooves from above to precisely align the manifold within the channel 

25 69, 79. The alignment pins 67, 77 may be made from any suitable material, but are preferably 
formed from a material that is inert to the process fluid being used, such that if any leakage 
should occur the alignment of the manifold portion within the channel is not disturbed. 

Each of the alignment pins 67, 77 has a length such that when the alignment pin is 
inserted into the grooves in the substrate and the manifold portion, the top surface of the 

30 alignment pin is no higher than the top surface of the substrate and the manifold portion to 

avoid interfering with the seal between the ports of the substrate and the manifold and the fluid 
component fastened thereabove. Although not shown in the drawings, the grooves in the sides 
of the channel may extend into a base of the channel 69, 79 such that the alignment pins may 
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be longer in length than the depth of the channel, yet still remain below the top surface of the 
substrate when fully inserted. 

As illustrated in Figs. 1 1 and 13, each of the substrates 60, 70 may include an aperture 
65, 75 formed in the base of the channel that may be used to remove a manifold portion after it 
5 has been inserted into the channel. For example, a rigid member, such as a screwdriver may be 
inserted from below the substrate and used to eject the manifold portion from the channel. 
Alternatively, the aperture 65, 75 in the base of the channel may be threaded such that a 
threaded member may be incrementally inserted into the aperture 65, 75 to remove a manifold 
portion. 

10 As also shown in each of Figs. 10, 1 1, and 12, at least one of the ports in the top surface 

of the substrates 60, 70 may include a leak port 95 that is formed in the top surface of the 
substrate. Typically, a leak port 95 is provided between each pair of ports to which a fluid 
component is to be fluidly connected. 

In the embodiments described herein, each of the common manifolds 110, 1 20 are 

15 fluidly connected to another portion 90 of the gas processing system. It should be appreciated 
that the present invention is not limited to this illustrated configuration. For example, the 
common manifold 110 may instead be fluidly connected by a flange 50 directly to another gas 
supply. Moreover, although each of the substrates 60, 70 is depicted as having a single 
channel 69, 79 formed therein, multiple channels may alternatively be provided, such that 

20 various fluids may be introduced to each of the gas sticks A-L, or alternatively to one or more 
of the gas sticks. Moreover, it should be appreciated that although a specific configuration 
using a two port valve, a three port valve, and a mass flow controller in each of the gas sticks 
A-L has been described, the present invention is not so limited. Thus, in accordance with the 
teachings of the present invention, more than two component stations may be provided on a 

25 single substrate. For example, the substrate 70 may include one or more additional component 
stations adapted to receive a filter, a pressure transducer or a pressure regulator, or a variety of 
other fluid processing components that are conventionally provided. Moreover, it is not 
required that the fluid components mounted to each of the substrates be the same in each gas 
stick, as a myriad of different combinations of components may be readily envisioned. 

30 In addition, although the present invention has been described primarily in terms of 

fluid processing components that utilize a counter-bore type seal, it should be appreciated that 
other types of fluid processing components, such as face mounted components, cartridge 
mounted components, etc. may be used, such that the gas panel can accommodate a wide range 
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of commercially available and/or standard components. Further, although no specific 
configuration for mounting the substrates 60, 70 to the base 10 has been shown, it should be 
appreciated that any number of mounting methods may be used. 

Figs. 14 through 28 illustrate a fluid distribution panel according to another 
embodiment of the present invention. As with the embodiment described above with respect to 
Figs. 1-13, the embodiment of Figs. 14 through 28 permits ports formed in a top surface of a 
substrate to be aligned in a common plane with ports formed in a top surface of a common 
manifold or portions of a common manifold. For this purpose, many of the substrates include a 
channel that is formed in a top surface of the substrate in which manifold portions may be 
received. However, rather than using alignment pins (e.g., alignment pins 67 and 77 in Figs. 9- 
13) that fit in grooves formed in the sides of the channel and the manifold portions, the 
embodiment of Figs. 14 through 28 uses different means for aligning the ports in the substrates 
and the manifold portions. For example, as illustrated in Fig. 22, complementary alignment 
posts 281 and alignment holes 282 may be provided at the base of the channel and the base of 
the manifold portion to align ports in the top surface of the manifold portion with one or more 
ports in the top surface of a substrate. The alignment posts may be formed in the base of the 
channel, with the alignment holes being formed in the base of the manifold portion as shown, 
or alternatively, the alignment posts may be formed in the base of the manifold portion with 
the alignment holes being formed in the base of the channel. 

Another difference between the embodiments of Figs. 1-13 and the embodiment of 
Figs. 14-28 is that rather than using the mounting of a gas processing component, such as a 
valve or filter, to fix the alignment of the ports in a common plane, the embodiment of Figs. 
14-28 uses mechanical fasteners to fix the top surfaces of the manifold portions and the 
substrates within a common plane. As described in further detail below, by rigidly mounting 
the manifold portions within the channel of a substrate, the fluid path created is rendered 
substantially more immune to leaks caused by shock or vibration. 

A further difference between the embodiments of Figs. 1-13 and the embodiment of 
Figs. 14-28 is that in the embodiment of Figs. 14-28, each of the component substrates (as well 
as other components) are resiliently mounted to a mounting plate that may be rigidly attached 
to a base of the panel. In particular, a floating mount is used to attach various components to a 
mounting plate, which permits limited movement in three orthogonal directions, provides 
significant pull and shear strength, thermally decouples components from the mounting plate 
and base (thereby permitting the components to be effectively heated or cooled without first 
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heating or cooling the thermal mass of the base), and provides vibration damping. These and 
other aspects of the embodiment of Figs. 14-28 are now described in detail below. 

Fluid distribution panel 200 illustrated in Fig. 14 includes a plurality of gas sticks A-L 
each adapted to receive a process gas from a process gas supply (not shown) and to provide 
5 either the process gas and/or another gas, such as a purge gas, to another portion of the gas 
system or to a process tool. Each of the gas sticks A-L provides a flow path that extends in a 
first direction (from top to bottom in Fig. 14) and includes a plurality of ports that are formed 
in a common plane. Various fluid processing devices, such as valves, purifiers, filters, 
pressure transducers, pressure regulators, moisture scrubbers, mass flow controllers, etc. (not 
10 shown) are sealingly fastened to adjacent ports in each respective gas stick and pass the 

process gas or the other gas along the flow path. A first common manifold 2110 that includes 
a plurality of ports is positioned in the flow path of a plurality of the gas sticks (i.e., gas sticks 
A-F) to permit either the process gas or another gas, such as a purge gas to be provided by each 
of the gas sticks to a second common manifold 2120. The second common manifold 2120 also 
15 includes a plurality of ports, and is positioned at the end of the flow path of each of the gas 

sticks A-E to provide one or more of the process gases or the other gas to a process tool or to a 
further portion of the gas system (e.g., mixing substrate 410). A third common manifold 2130 
that includes a plurality of ports is positioned to receive process gases from one or more of the 
gas sticks H-L and provide those process gases or combination of process gases to a process 
20 tool or further portion of the gas system (e.g., mixing substrate 410). As with the fluid 
distribution panel described above with respect to Fig. 1, because the ports in each of the 
common manifolds are aligned within the common plane of the ports in the flow path, a gas 
panel having a reduced height may be obtained. 

As shown in Fig. 14, the gas panel 200 includes a plurality of gas sticks A-L. In 
25 contrast to the fluid distribution panel described in Fig. 1 , rather than each of the gas sticks 
being directly and rigidly mounted to a common base (e.g., base 10 in Fig. 1), each of the gas 
sticks A-L in Fig. 14 is resiliently mounted to a mounting plate 210 using floating mounts 
(described in further detail below with respect to Figs. 26 and 27), which, in turn, is mounted 
to a base (not shown) or other rigid structure. In the described embodiment of Fig. 14, the 
30 mounting plate 210 may be formed from a piece of sheet metal that is bent in the manner 

illustrated in Figs. 15 and 16. As will be described in more detail further below, the mounting 
plate 210 has considerably less thermal mass than the base 10 of Fig. 1, such that one or more 
of the gas sticks A-L may be heated or cooled in an effective manner, by use of a heating or 
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cooling stick inserted in holes 500 (see Fig. 15, for example) that extend through the substrates 
forming the gas stick. To further thermally isolate the gas sticks, the mounting plate 210 may 
alternatively be made from a rigid material that is thermally insulating, rather than thermally 
conductive, such as plastic. 

5 Each of the gas sticks A-E includes a one component position substrate 260 and a two 

component position substrate 270 that are resiliency fastened to the mounting plate 210, 
typically with the use of a threaded fastener, such as an Allen bolt. Each of the substrates 260, 
270 is typically formed from a block of stainless steel such as 316 stainless steel, hastalloy, or 
other materials suitable for use with the intended fluids. Each of the substrates 260, 270 has a 

10 channel 269, 279 (seen most clearly in Figs. 22 and 23) that is formed therein to receive a 

portion of a manifold 220, 225, 230, 235, 240, 255, and 265 (seen most clearly in Figs. 21 and 
22). Each of the manifold portions 220, 225, 230, 235, 240, 255, and 265 is also typically 
formed from an elongated block of stainless steel or other suitable material, and connected 
together to form a common manifold 21 10, 2120, and 2130. For example, where the manifold 

15 portions are formed from stainless steel, the manifold portions may be butt welded together in 
a conventional manner to form the common manifolds 2110, 2120, and 2130. 

In the embodiment illustrated in Fig. 14, the two component position substrate 270 of 
each of the gas sticks A-F receives a manifold portion (e.g., manifold portion 220 in gas stick 
A) that is used to selectively provide a purge gas (provided via conduit 285 and substrate insert 

20 43 5 A from purge gas inlet 201) to the flow path of the respective gas stick. Each of the one 
component position substrates 260 also receives a manifold portion (e.g., manifold portion 235 
in gas stick A) that is used to provide a common outlet that is common to each of the gas sticks 
A-E and may be connected to a process tool or to another portion of the gas processing system, 
as shown in Fig. 14. In the illustrated embodiment, process gas or gases or purge gases are 

25 provided to a mixing inlet substrate 410 via a left-handed substrate insert 420 that is fluidly 
connected to the common manifold 2120, and then via another insert 43 5 B to a mixing outlet 
substrate 415, and then to a gas outlet 202. 

Other process gases may be received via inlets 203 in gas sticks G-L and provided, via 
one component position substrates 405 (which do not include a channel), to other one 

30 component position substrates 260 that are fluidly connected to common manifold 2130. The 
one component position substrate 405 illustrated in gas sticks G-L would typically be used to 
receive an inert, non-toxic, and/or non-reactive process gas that does not require access to a 
purge gas. As shown, process gases from one or more of gas sticks G-L are provided, via a 
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right handed substrate insert 425 to the mixing inlet substrate 410, and then via another insert 
435C to mixing outlet substrate 415, and then to the gas outlet 202. 

In use, each gas stick A-L is connected to a process gas supply by a gas inlet 203 that, 
in the illustrated embodiment, has a threaded coupling. For gas sticks A-F, the process gas 

5 flows to an inlet port 271 (see Fig. 23, for example) and through an internal fluid passageway 
in the substrate 270 to an outlet port 272 formed in the top surface of the substrate 270. A 
two-port valve or other fluid processing component (not shown) is positioned above the outlet 
port 272 and an inlet port 273 that is also formed in the top surface of the substrate 270, and 
forms a seal with the substrate 270. A metallic gasket or other type of sealing member (not 

10 shown) is typically used to provide a leak tight seal around the ports 272, 273 as well as the 
other ports in the top surface of the substrate 270. As in the embodiment depicted in Fig. 1, 
each of the ports formed in the top surface of the substrate 270 (as well as the ports formed in 
the manifold portions) may include a counter-bore that is adapted to receive an annular C- 
shaped seal. Alternatively, other types of annular seals, such as those described in U.S. Patent 

15 No. 5,803,507, and U.S. Patent No. 6,142,539 may be used with appropriately configured 
ports in the substrate and the manifold portions. In the described embodiment, the two-port 
valve selectively allows the process gas to flow further along the gas sticks A-F. 

From inlet port 273, the process gas then flows through a V-shaped channel formed in 
the body of the substrate 270 (shown in Fig. 23) to an outlet port 274 that is also formed in the 

20 top surface of the substrate 270. The substrate 270 includes a channel 279 that is used to 

receive a portion of the common manifold 2110. In the illustrated embodiment of Fig. 14, for 
example, the substrate 270 of gas stick A receives a one position manifold portion 220 having 
a single port 222 (Fig. 21) formed in a top surface of the manifold portion 220 and a pair of 
ports 221, 223 formed in opposing surfaces of the manifold portion 220 that are transverse to 

25 the top surface. The ports 221, 223 formed in the transverse surfaces of the manifold portion 
220 are fluidly connected to conduit 285 and another manifold portion (e.g., manifold portion 
240 in Figs. 14 and 23), which together form a portion of the common manifold 2110. The 
channel 279 in the substrate 270 is adapted to position the manifold portion 220 so that the port 
222 formed in the top surface is aligned in the common plane of the top surface of the substrate 

30 270 with the outlet port 274 and also with an inlet port 276 on the other side of the channel 279 
of the substrate 270. 

In contrast to the two component position substrate 70 in which the mounting of a gas 
processing component or device, such as valve, or filter is used to fix the alignment of ports in 
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a common plane, the two component position substrate 270 uses a pair of fasteners 205 
disposed on either side of the channel 279 to rigidly mount the manifold portion within the 
channel 279 of the substrate. Each fastener 205 is received in a mounting recess 290 formed in 
a sidewall of the channel as illustrated in Fig. 23. The mounting recess 290 is generally 

5 outwardly arcuate in shape, terminates in an internally threaded hole 291 , and includes a shelf 
or edge 292. The edge 292 of the mounting recess 290 serves as a stop for the bottom edge of 
the head of the fastener 205 (similar in construction to fastener 315 shown in Fig. 26). Each 
manifold portion 220, 225, 230, 240, 255, and 265 includes a complementary recess 295 (see 
Figs. 21 and 22), such that when the fastener 205 is inserted, the bottom edge of the head of the 

10 fastener 205 forces the manifold tight against the bottom of the channel 279 of the substrate 
270. In general, each of the mounting recesses 290 spans more than 180 degrees, and the 
complementary recess 295 in the manifold portions spans less than 1 80 degrees. When 
aligned, the recesses 290, 295 form a substantially complete circle. The top-most portion of 
the fastener 205 and the depth of the edge 292 are dimensioned so that the top-most portion of 

15 the fastener 205 does not protrude above the top surface of the substrate 270 and interfere with 
the seal. In general, a pair of fasteners 205 located on opposite side surfaces of the channel 
279 is sufficient to force the manifold portion tightly within the channel 279 of the substrate 
270. 

In the illustrated embodiment, a three-port valve (not illustrated) is typically 
20 positioned above ports 274 and 276 in the substrate 270 and the port 222 in the top surface of 
the manifold portion 220 and fastened to the substrate 270 by a plurality of fasteners (not 
shown). The plurality of fasteners are received in bores in the top surface of the substrate 270, 
that includes at least one bore, and preferably two bores, on each side of the channel 279 in the 
substrate 270. The fasteners received on each side of the channel 279, together with a gasket 
25 (not shown) or other sealing member, form a leak free seal among the ports 274, 276 in the 

substrate and the port 222 in the top surface of the manifold portion 220. The three-port valve 
permits one of either the process gas or another gas, such as a purge gas, that is conducted by 
the common manifold 21 10 to be provided by a V-shaped channel connecting the inlet port 
276 in the substrate 270 to an outlet port 278 of the substrate 270 (see Fig. 23). In the 
30 illustrated embodiment, the inlet port of a mass flow controller (not shown) is typically fluidly 
connected to the outlet port 278 in the substrate 270 and provides, by way of an outlet port of 
the mass flow controller, either the process gas or the other gas to an inlet port 261 of the one 
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component position substrate 260 (Fig. 23). The mass flow controller bridges the substrate 270 
and the substrate 260 in each of gas sticks A-E. 

For gas sticks G-L, the process gas received at gas inlet 203 flows to an inlet port 406 
(see Fig. 23) of a one component position substrate 405 and through an internal fluid 
passageway in the substrate 405 to an outlet port 407 formed in the top surface of the substrate 
405. A two-port valve or other fluid processing component (not shown) is typically positioned 
above the outlet port 405 and an inlet port 408 that is also formed in the top surface of the 
substrate 405, and forms a seal with the substrate 405. A metallic gasket or other type of 
sealing member (not shown) may be used to provide a leak tight seal around the ports 407, 408 
as well as the other ports in the top surface of the substrate 405. Each of the ports 407, 408, 
and 409 formed in the top surface of the substrate 405 may include a counter-bore that is 
adapted to receive a annular C-shaped seal, although other types of annular seals may 
alternatively be used. The two-port valve selectively allows the process gas to flow further 
along the gas sticks G-L. The one component position substrate 405 does not include a 
channel (e.g., channel 269), and as noted previously, may be used to receive process gases that 
do not require purging. 

From inlet port 408 in substrate 405, the process gas then flows through a V-shaped 
channel formed in the body of the substrate 405 (Fig. 23) to an outlet port 409 that is also 
formed in the top surface of the substrate 405. For each of gas sticks H-L, the inlet port of a 
mass flow controller (not shown) is typically fluidly connected to the outlet port 409 in the 
substrate 405 and provides, by way of an outlet port of the mass flow controller, the process 
gas to an inlet port 261 of the one component position substrate 260 (Fig. 23). The mass flow 
controller bridges the substrate 405 and the substrate 260 in each of gas sticks G-L. 

As best illustrated in Figs. 22 and 23, the one component position substrate 260 
includes an inlet port 261 and an outlet port 262 formed in the top surface of the substrate 260 
that are connected by an internal V-shaped passageway. At least one bore, and preferably two 
bores, are formed in the top surface of the substrate 260 to sealingly fasten the outlet port of 
the mass flow controller to the inlet port 261 of the substrate 260. 

The substrate 260 includes a channel 269 that is used to receive a portion of the 
common manifolds 2120 and 2130. In the illustrated embodiment of Fig. 14, for example, the 
substrate 260 of gas stick A receives a two position manifold portion 235 having a pair of ports 
237, 239 (Fig. 21) formed in a top surface of the manifold portion 235 and a port 236 formed 
in a surface of the manifold portion 235 that is transverse to the top surface. The port 236 
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formed in the transverse surface of the manifold portion 235 is fluidly connected to another 
manifold portion (e.g., manifold portion 240 in Fig. 14) that is fluidly connected, by way of 
other manifold portions, to the outlet ports 262 of the other gas sticks C-E. The channel 269 in 
the substrate 260 is adapted to position the manifold portion 235 so that one of the ports 237, 
5 239 (i.e., port 237) formed in the top surface is aligned in the common plane of the top surface 
of the substrate 260 with the outlet port 262 of the substrate 260. 

In contrast the one component position substrate 60 in which the mounting of a gas 
processing component or device, such as valve, or filter is used to fix the alignment of ports in 
a common plane, the one component position substrate 260 uses a pair of fasteners 205 
10 disposed on either side of the channel 269 to rigidly mount the manifold portion within the 
channel 269 of the substrate 260. In this regard, the one component position substrate 260 is 
similar to the two component position substrate 270, as each fastener 205 is received in a 
mounting recess 290 formed in a sidewall of the channel 269 as illustrated in Fig. 23. The 
mounting recess 290 terminates in an internally threaded hole 291, and includes a shelf or edge 
15 292 that serves as a stop for the bottom edge of the head of the fastener 205. Each manifold 
portion 220, 225, 230, 240, 255, and 265 includes a complementary recess 295 (see Figs. 21 
and 22), such that when the fastener 205 is inserted, the bottom edge of the head of the fastener 
205 forces the manifold portion tight against the bottom of the channel 269 of the substrate 
260. The top-most portion of the fastener 205 and the depth of the edge 292 are dimensioned 
20 so that the top-most portion of the fastener 205 does not protrude above the top surface of the 
substrate 260 and interfere with the seal. As with the two component position substrate 270, a 
pair of fasteners 205 located on opposite side surfaces of the channel 269 is sufficient to force 
the manifold portion tightly within the channel 269 of the substrate 260. 

In the illustrated embodiment, a two-port valve (not illustrated) is positioned above port 
25 262 in the substrate 260 and the port (e.g., port 239) in the top surface of the manifold portion 
(e.g. manifold portion 235) and fastened to the substrate 260 by a plurality of fasteners (not 
shown). The plurality of fasteners are received in bores in the top surface of the substrate 260, 
that includes at least one bore, and preferably two bores, on each side of the channel 269 in the 
substrate 260. The fasteners received on each side of the channel 269, together with a gasket 
30 (not shown) or other sealing member form a leak free seal among the port 262 in the substrate 
260 and the port in the top surface of the manifold portion. The two-port valve permits one of 
either the process gas or another gas, such as a purge gas, to be provided to the common 
manifold 2120, and from the common manifold to another portion of the system. 
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Gas sticks F and G share certain components in common with gas sticks A-E and H-L, 
but illustrate how other components may be used to create a fluid distribution system that can 
accommodate a wide variety of configurations. For example, gas stick F includes a two 
component position substrate 270, a one component position T-slotted substrate 430, and a 
left-handed substrate insert 420. The two component position substrate 270 receives a process 
gas at a gas inlet 271 from a process gas supply and provides that process gas, via an internal 
fluid passageway, to an outlet port 272 formed in the top surface of the substrate 270. A two- 
port valve or other fluid processing component (not shown) is positioned above the outlet port 
272 and an inlet port 273 that is also formed in the top surface of the substrate 270, and forms a 
seal with the substrate 270. From inlet port 273, the process gas then flows through a V- 
shaped channel formed in the body of the substrate 270 (shown in Fig. 23) to an outlet port 274 
that is also formed in the top surface of the substrate 270. The substrate 270 includes a channel 
279 that is used to receive a portion of the manifold 2110. In the illustrated embodiment of 
Fig. 14, for example, the substrate 270 of gas stick F receives a two position manifold portion 
235 having a pair of ports 237, 239 (Fig. 21) formed in a top surface and a single port 236 
formed in a surface of the manifold portion 235 that is transverse to the top surface. The 
channel 279 in the substrate 270 is adapted to position the manifold portion 235 so that the port 
237 formed in the top surface is aligned in the common plane of the top surface of the substrate 
270 with the outlet port 274 and also with an inlet port 276 on the other side of the channel 279 
of the substrate 270. 

A three-port valve (not illustrated) is typically positioned above ports 274 and 276 in 
the substrate 270 and the port 237 in the top surface of the manifold portion 235 and fastened 
to the substrate 270 by a plurality of fasteners (not shown). The fasteners received on each 
side of the channel 279, together with a gasket (not shown) or other sealing member form a 
leak free seal among the ports 274, 276 in the substrate and the port 237 in the top surface of 
the manifold portion 235. The three-port valve permits one of either the process gas or another 
gas, such as a purge gas, that is conducted by the common manifold 21 10 to be provided by a 
V-shaped channel connecting the inlet port 276 in the substrate 270 to an outlet port 278 of the 
substrate 270 (see Fig. 23). The inlet port of a mass flow controller (not shown) is fluidly 
connected to the outlet port 278 in the substrate 270 and provides, by way of an outlet port of 
the mass flow controller, either the process gas or the other gas to an inlet port 43 1 of a one 
component position T-slotted substrate 430 (Fig. 23). The mass flow controller bridges the 
substrate 270 and the T-slotted substrate 430 in gas stick F. 
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Rather than using a one component position substrate 260 as in each of gas sticks A-E 
and H-L, gas stick F uses a one component position T-slotted substrate 430 that is adapted to 
receive either a left handed or right handed substrate insert 420, 425 (Fig. 24). The T-slotted 
substrate 430 includes an inlet port 43 1 and an outlet port 432 formed in a top surface thereof, 

5 and a channel 269, similar in construction to that of one component position substrate 260. 

However, the T-slotted substrate 430 also includes an additional channel 283 formed in the top 
surface of the substrate 430 that permits either a left handed or right handed substrate insert 
420, 425 to be received therein. 

Each of the left handed and right handed substrate inserts 420, 425 includes a pair of 

10 ports (422, 423 and 427, 428) formed in a top surface thereof that are connected by a V-shaped 
channel. Each of the left handed and right handed substrate inserts 420, 425 (Fig. 24) also 
includes a port 421, 426 formed in a surface of the substrate insert that is transverse to the top 
surface. The ports 421, 426 are internally fluidly connected to the V-shaped channel, and thus 
to each of ports 422, 423 and 427, 428, and may be used to connect to a manifold portion (e.g., 

15 manifold portion 240 in Fig. 14) that is fluidly connected to common manifold 2120 or 2130. 
In the embodiment illustrated in Fig. 14, a two port valve (not shown) may be positioned above 
port 432 in substrate 430 and above the port 422, 427 of the substrate inserts 420, 425 to 
selectively provide one or more process gases or a purge gas from one or more of gas sticks A- 
F and G-L to the port 423, 428 of the substrate insert 420, 425, and from there, to the mixing 

20 inlet substrate 410. Typically, a three-port valve is positioned above ports 423 and 428 of the 
substrate inserts 420, 425 to provide process gases to either the mixing inlet substrate 410 or to 
the mixing outlet substrate 415 via inserts 435B and 435C. 

Figs. 21 and 22 illustrate a number of manifold portions 220, 225, 230, 235, 240, 255, 
and 265 that may be used to form a gas panel according to an embodiment of the present 

25 invention. The manifold portions 220, 225, 230, 235, 240, 255, and 265 are similar to those 
described above with respect to Fig. 9, in that each includes a manifold body that is formed 
from an elongated block of stainless steel or other suitable material, and each includes at least 
one port formed in a top surface of the manifold body. Further, each of the manifold portions 
includes at least one port formed in a surface that is transverse to the top surface to connect 

30 with another manifold portion. As the manifold portions 220, 225, 230, 235, 240, 255, and 265 
are substantially similar to those described above with respect to Fig. 9, only the differences 
are described in detail below. 



» 
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As illustrated in Figs. 21 and 22, each of the manifold portions 220, 225, 230, 235, 240, 
255, and 265 includes at least one, and preferably, a pair of recesses 295 formed in a transverse 
side surface of the manifold portion and spaced apart from one another. Each of the recesses is 
outwardly arcuate in shape and forms less than one half a circle (i.e., spans less than 180 

5 degrees). Preferably, for each port formed in the top surface of the manifold body, a pair of 
recesses 295 is formed on each side surface of the manifold body, with each recess of the pair 
being spaced equally from the port. Where the manifold body is symmetric (e.g., manifold 
portions 220, 240, etc.), it should be appreciated that fewer pairs of recesses may be provided, 
for example, one pair of recesses disposed on each opposing side surface of the manifold body. 

10 Each recess 295 terminates in an edge 296. As shown most clearly in Figs. 18 and 20, each of 
the recesses is constructed to receive a fastener 205 that rigidly locks the manifold portion 
within the channel 269, 279 of a substrate 260, 270. The edge 296 of the recess 295 serves as a 
stop for the bottom edge of the head of the fastener 205 (similar in construction to fastener 315 
shown in Fig. 26), and when the fastener 205 is inserted, the bottom edge of the head of the 

15 fastener 205 forces the manifold tight against the bottom of the channel 269, 279 of the 

substrate 260, 270. The top-most portion of the fastener 205 and the depth of the recess 295 
are dimensioned so that the top-most portion of the fastener 205 does not protrude above the 
top surface of the substrate 260, 270 and interfere with the seal. In general, a pair of fasteners 
205 located on opposite side surfaces of the manifold portion and on opposing sides of the port 

20 is sufficient to force the manifold portion tightly within the channel 269, 279 of the substrate 
260, 270. As noted above, each of the substrates 260, 270 include a complementary mounting 
recess 290, such that when the manifold portion is aligned in the base of the channel 269, 279, 
the recesses 290 and 295 form a generally circular hole. 

As should be appreciated by those skilled in the art, the use of fasteners 205 thus 

25 described serves to prevent the possibility of leakage among the ports of the substrate, the port 
of the manifold portion, and the fluid processing devices attached thereto from above. 
Specifically, by forcing the manifold portion solidly against the bottom of the channel 269, 279 
in the substrate 260, 270, the manifold portion serves to define the alignment with the 
individual substrates 260, 270. Were the manifold portion not firmly secured in the channel 

30 269, 279 of the substrate 260, 270, then it would be possible for a severe shock or vibration to 
further compress the gasket (frequently a deformable metal seal that is typically placed 
between the fluid processing device and the ports of the substrate and manifold portion) via 
vertical movement of the manifold portion within the channel (the manifold portion potentially 
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being of less thickness than the channel depth), which in turn, could become a leak once that 
shock or vibrational force was removed. 

Another difference between the manifold portions 220, 225, 230, 235, 240, 255, and 
265 and those described above with respect to Fig. 9 is the presence of alignment holes 282 is 

5 the lower surface of the manifold portion. As can be seen most clearly in Fig. 22, each 

manifold portion may include one or more alignment holes 282 that are constructed to mate 
with complementary alignment pins 281 formed in a base of the channel 269, 279 of a 
substrate 260, 270. The alignment pins 281 may be made from dowel pins that can be press-fit 
into appropriate apertures that are drilled into the base of the channel 269, 279. By the use of 

10 the dowel pins in a press-fit arrangement, machining cost can be substantially reduced and the 
dowel pins can be purchased with accurate dimensions. 

Preferably, each manifold portion includes two alignment holes 282 centrally disposed 
in the bottom surface of the manifold portion on either side of each port formed in the top 
surface of the manifold portion. In the illustrated embodiments, these alignment holes 282 are 

15 generally aligned with the recesses 295 in the side surfaces of the manifold portion. It should 
be appreciated that rather than having alignment holes 282 formed in the bottom surface of the 
manifold portions, alignment pins 281 could be provided instead, with the alignment holes 282 
being provided in the base of the channel 269, 279 of the substrate 260, 270. It should also be 
appreciated that irrespective of where the alignment pins 281 and alignment holes 282 are 

20 formed, the alignment pins 281 should be shorter in length than the alignment holes, so that the 
bottom surface of the manifold portion is in registration with the base of the channel. 

Although a number of different manifold portions 220, 225, 230, 235, 240, 255, and 
265 have been described herein, it should be appreciated that the present invention is not 
limited to the illustrated embodiments. For example, manifold portions having a different 

25 number of ports formed on a top surface of the manifold body may be used, with only a single 
port in a transverse surface of the manifold body, or with two ports formed in opposing 
transverse surfaces of the manifold body. It should further be appreciated that although the 
ports formed in the top surface of the manifold portions are illustrated as including a counter- 
bore that is adapted to receive an annular C-type seal, different port configurations may 

30 alternatively be used, such that standard fluid processing components may be used therewith. 
Moreover, it is not required that all ports formed in the top surface of the manifold have the 
same type of seal configuration, as one type of seal may be used in one port, while another type 
of seal may be used in another port. 
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As shown in Figs. 23 and 24, at least one of the ports in the top surface of the substrates 
260, 270, 405, 410, 420, 425, 430 may include a leak port 95 that is formed in the top surface 
of the substrate. Typically, a leak port 95 is provided between each pair of ports to which a 
fluid component is to be fluidly connected. Moreover, although each of the substrates 260, 270 
is depicted as having a single channel 269, 279 formed therein, multiple channels may 
alternatively be provided, such that various fluids may be introduced to each of the gas sticks 
A-L, or alternatively to one or more of the gas sticks. Moreover, it should be appreciated that 
although a specific configuration using a two port valve, a three port valve, and a mass flow 
controller in each of the gas sticks A-L has been described, the present invention is not so 
limited. Thus, in accordance with the teachings of the present invention, more than two 
component stations may be provided on a single substrate. For example, the substrates 260, 
270 may include one or more additional component stations adapted to receive a filter, a 
pressure transducer or a pressure regulator, or a variety of other fluid processing components 
that are conventionally provided. Moreover, it is not required that the fluid components 
mounted to each of the substrates be the same in each gas stick, as a myriad of different 
combinations of components may be readily envisioned. 

According to another aspect of the present invention, rather than mounting substrates 
directly to a base, the embodiment of Figs. 14-28 utilizes a floating mount to resiliently mount 
substrates and other components to the mounting plate, which may then be attached to a base. 
The floating mount permits limited movement in three orthogonal directions, such that 
substrates, manifold portions, and other portions of the fluid distribution system may be easily 
interconnected without requiring extreme precision in the placement of holes in the mounting 
plate. The floating mount also thermally decouples components from the mounting plate and 
base, thereby permitting the components to be effectively heated or cooled with conventional 
techniques. Further, the floating mount also renders the fluid distribution system less sensitive 
to shock and vibration, yet provides significant pull and shear strength. This aspect of the 
present invention is now described primarily with respect to Figs. 14, 18, 20, 23, 24, 25, 26, 27, 
and 28. 

As shown in Figs. 23 and 24, each of the various substrates 260, 270, 405, 410, 415, 
and 430 may include a plurality of mounting apertures or holes 263 that may be used to 
resiliently mount the substrate to the mounting plate 210. Each of these mounting apertures 
263 receives a threaded fastener 315, such as an Allen bolt. Each of the mounting apertures 
263 has a recessed edge 316 constructed to receive the bottom or lower edge of the head of the 



-26- 

fastener 315 and urge the substrate toward the mounting plate 210 (Fig. 26) as the fastener is 
engaged in the floating mount 300. The depth of the edge 3 1 6 is such that when the fastener 
3 15 is engaged with the floating mount 300, the top-most portion of the fastener is below the 
top surface of the substrate, as shown in Fig. 26. The edges of the mounting plate are bent 
5 such that region of the mounting plate in which the fluid distribution components are mounted 
is elevated from the base to which the plate is attached, as shown in Fig. 25. 

The threaded fastener 31 5 is received in a floating mount 300, which is best illustrated 
in Figs. 26 and 27. As shown, the floating mount 300 includes an upper pressure ring 351, a 
lower pressure ring 354, upper and lower resilient members 352, 353, and a threaded fastener 

10 355. The upper pressure ring 351 is generally circular in shape and has a generally cylindrical 
shank 356 with flats on opposing sides of the shank. The flats on either side of the shank 356 
engage the walls of the mounting plate 210 in which a complementary hole 299 (Fig. 28) is 
formed. An internally threaded through hole 358 that extends through the center of the upper 
pressure ring 351 and the shank 356 receives the threaded portion of the fastener 315. The 

15 upper pressure ring 351 also includes an annular groove 361 formed in an underside thereof 

that receives a toroidal upper resilient member 352. The toroidal upper resilient member 352 is 
generally formed from an elastomeric material, such as rubber, Viton, Neoprene, or Buna-N, 
for example, and may be a conventional o-ring. 

The lower pressure ring 354 is also generally circular in shape and includes an annular 

20 groove 357 in a top surface thereof that receives a toroidal lower resilient member 353. The 

lower pressure ring 354 also includes a through hole 362 through which the externally threaded 
end of the threaded fastener 355 may pass, and includes an axial clearance hole 360 which 
permits the shank 356 of the upper pressure ring 351 to be received within the lower pressure 
ring 354. The upper and lower pressure rings 351, 354 may be machined from bar stock, or 

25 alternatively, powdered metal methods of forming the pressure rings may be used. 

In use, the upper resilient member 352 is oriented in the annular groove 361 of the 
upper pressure ring 351 between the upper pressure ring 351 and the mounting plate 210 and 
the lower resilient member 353 is oriented in the annular groove 357 of the lower pressure ring 
354 between the lower pressure ring and the mounting plate 210. The externally threaded 

30 fastener 355 is received in the internally threaded shank 356 of the upper pressure ring 351 and 
tightened to draw the upper and lower pressure rings together. Because the flats on opposing 
sides of the shank 356 engage the flat sidewalls of the hole 299 in the mounting plate 210, 
rotation of the floating mount 300 is prevented during tightening of the threaded fastener 355. 
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A substrate or other component is placed above the upper pressure ring 351, and the threaded 
fastener 315 is tightened from above. Again, the flats in the shank 356 prevent rotation of the 
floating mount during tightening of the threaded fastener 3 1 5. The shank 356 of the upper 
pressure ring 351 and the threaded fasteners 315, 355 are dimensioned so that when fully 
5 tightened, the ends of the threaded fasteners 3 1 5 and 355 do not contact one another. 

As may be appreciated by those skilled in the art, the floating mount 300 provides a 
number of advantages over mounting techniques that mount fluid components and other 
structures directly to a base. For example, the upper and lower resilient members 352, 353 
operate to absorb shock and vibration, and permit a slight degree of movement in each of three 

10 orthogonal directions (i.e., left, right, and vertically in the plane of Fig. 14). Thus, the 

mounting holes 299 in the mounting plate may be formed with less accuracy than would be 
required if the components and other structures were mounted directly to the mounting plate. 
Nonetheless, because component substrates are attached to the floating mount 300 using 
threaded fasteners, and the floating mount is formed with threaded connections, the mounting 

15 possesses substantial pull and shear strength. 

The upper and lower resilient members 352, 353 also function to thermally isolate the 
components from the mounting plate 210. Thus, each of the component substrates 260, 270, 
405, 410, 415, and 430 may include holes 500 (see Figs. 23 and 24) to receive either a heating 
element or a cooling element as desired for the particular application. Because the component 

20 substrates are thermally isolated from the mounting panel and the base, heating or cooling 

applied to the substrates is not readily conducted to the plate and the base, which acts as a large 
heat sink. 

Although the floating mount has been described as being used with component 
substrates 260, 270, 405, 410, 415, and 430, it may also be used with other structures that are 

25 attached to the mounting plate. For example, Figs. 14 and 20 illustrate a support 310 that is 
used to support a conduit providing a process gas and resiliently mount the conduit to the 
mounting plate 210. A threaded fastener 305 (Fig. 26) may be inserted into the floating mount 
300 through a hole in the base of the support 310. In general, any component or structure that 
might be attached to a base of a fluid distribution system using a threaded fastener may be used 

30 with the floating mount 300 where axial compliance, vibration damping, or thermal isolation 
are desired. 

Having thus described several aspects of at least one embodiment of this invention, it is 
to be appreciated various alterations, modifications, and improvements will readily occur to 
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those skilled in the art. For example, although the input ports 71, 271, and 406 in substrates 
70, 270, and 405 are illustrated as being disposed in a front transverse surface of the substrate 
(see Figs. 10, 11, and 23), they may alternatively be disposed in either the left or right side 
transverse surfaces to form a right-angled connection to a source of process fluid, rather than a 
5 straight connection. Such alterations, modifications, and improvements are intended to be part 
of this disclosure, and are intended to be within the spirit and scope of the invention. 
Accordingly, the foregoing description and drawings are by way of example only. 
What is claimed is: 



